eNS myelin contains inhibitors of neurite growth When dissociated neurons of perinatal rats were plated on frozen sections of adult rat spinal cord, cerebellum or forebrain, neurites grew exclusively on the grey mat ter areas and strongly avoided white matter regions.6 Similarly, neurites never
tion of macrophages. A fundamental difference between peripheral and central nervous system appears thereafter: in peripheral nerves regenerative sprouts often elongate and regrow over long distances and may finally reestablish functional con nections. In contrast, regenerative fibre growth does not occur in the central ner vous system (CNS). I Rather, arrest of growth, retraction of the fibres, and forma tion of retraction bulbs is observed. The biological reasons for this different behaviour were very unclear until recently. In animal experiments transplantations of pieces of peripheral nerves into various regions of the brain and spinal cord sho wed the crucial role of the local tissue environment. [2] [3] [4] In these experiments many different types of CNS neurons successfully regenerated their lesioned axons in a peripheral nerve bridge. However, axon growth subsided as soon as these regener ating fibres contacted CNS tissue.2 Classically, these results were interpreted as a lack of growth stimulating neurotrophic factors in CNS tissue. Tissue and cell cul ture experiments in which we studied the interaction of growing neurites with various parts of the CNS and with different CNS glial cell types suggested an alter native explanation: the presence of inhibitors of neurite growth. [5] [6] [7] eNS myelin contains inhibitors of neurite growth When dissociated neurons of perinatal rats were plated on frozen sections of adult rat spinal cord, cerebellum or forebrain, neurites grew exclusively on the grey mat ter areas and strongly avoided white matter regions.6 Similarly, neurites never grew into adult rat optic nerve explants in spite of a strong stimulation of fiber growth by neurotrophic factors (NGF, BDNF and structural analysis is currently being done. Monoclonal antibodies neutral ising their inhibitory activity were produced and used to determine the role of these neurite growth inhibitors in the lesioned CNS. !! Studies on the occurrence and dis tribution of NI-35/250 showed that they selectively occur in oligodendrocytes and CNS myelin as tightly linked membrane proteins, and they were found in species like the rat, cow, and chick, and probably occur in all higher vertebrates. In con trast, they are absent from peripheral nerves, other tissues and organs, and they
were not found in the CNS of fish. (Fish are known to regenerate lesioned CNS pathways after lesion.)
Inactivation of neurite growth inhibitors in the lesioned adult eNS: effects on axon regeneration
Two different, independent methods were used to eliminate or neutralise these neurite growth inhibitors. In the first experimental paradigm newborn rats were locally treated with a high dose of X-rays, a procedure which has been shown to permanently eliminate oligodendrocytes, thus producing myelin-free CNS tissue. In the normal CNS, in particular during development, many types of neurons depend on specific neurotrophic factors for survival, differentiation, and neurite outgrowth.
the atrophy of lesioned neurons and stimulate regeneration. 1')-20 A combined appli cation of neurotrophic factors and antibodies neutral ising neurite growth inhibi tors can be expected to increase the number of successfully regenerating fibres.
Such experiments are currently on the way in our laboratory.
Future outlook
Several important aspects with regard to neurite growth inhibitors are currently being tackled. Of particular importance is the elucidation of the structure of IN -35 and NI-250, the interaction with presumable receptors on neuronal membranes, and the cell biological mechanism of growth inhibition. We hope that this informa tion will provide us with new clues on how to inactivate or overcome the activity of these molecules during regeneration in order to develop a treatment which ulti mately could be transfered to human patients. With the help of modern molecular biological techniques such a goal may not be outside reach.
A second important area of research concerns the formation of connections and the functional consequences of the regenerated fibres. Experiments in fish and recent results using sciatic nerve bridges in the optic system of the rat suggest that regenerating fibres can recognise the cues for specific target interactions and can reform functional connections. 4 Often, the stabilisation and refinement of these connections seems to be influenced by activity, a process which on the human level would require specific rehabilitation programmes to train and stabilise the recovery of connections and functions.
